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The review study explores contemporary Earth observation (EO) methods and the
influential role of citizen science in environmental research. It emphasizes the integration
of diverse datasets-such as satellite imagery, field surveys, and citizen science
contributions, to enhance the precision and efficiency of Earth system studies. By
combining high-resolution remote sensing technologies with ground-based observations,
researchers can effectively monitor and analyze biodiversity hotspots and other critical
environmental phenomena. The study highlights the crucial role of citizen science and
community engagement in broadening data collection efforts and involving the public in
environmental monitoring initiatives. It also acknowledges the importance of field studies
and research expeditions for validating and complementing EO data. A key focus of the
review is the use of open-source tools and innovative methodologies that facilitate high-
quality research on constrained budgets. This approach improves accessibility and
repeatability, enabling significant scientific advancements without substantial financial
investments. The review showcases how leveraging these integrated technologies can
advance Earth science research and overcome financial barriers, ensuring that valuable
scientific contributions are achievable even with limited resources. This review provides
practical insights for integrating EO techniques, field studies, and citizen science, offering

guidance for conducting impactful and cost-effective environmental research.

1. INTRODUCTION

Earth is the only planet in the solar system known to support
life, owing to its specific physical and chemical conditions.
Yet, amid its breathtaking beauty and awe-inspiring
complexity, our planet faces unprecedented challenges, chief
among them being the escalating threat of climate change.

Climate change is one of our most pressing global
challenges, with far-reaching consequences for ecosystems,
economies, and human societies. Its impacts are particularly
pronounced in ecologically sensitive regions, characterised by
high levels of species richness and endemism. These regions
are crucial for global biodiversity conservation and vital
resources for ecosystem services on which human well-being
depends.

Climate change manifests in various forms, including
alterations in temperature patterns, precipitation levels, and
extreme weather events. These changes have profound
implications for biodiversity hotspots, as they can disrupt
delicate ecological balances, threaten the survival of endemic
species, and lead to shifts in species distributions and
community compositions.
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The 21st Century is witnessing a long breakthrough in
STEM (Science, Technology, Engineering and Mathematics)
research and development with advancements in earth
observation tools and techniques. Remote sensing is a popular
technique for earth observation and ecological monitoring
from space. Yet, there are several hurdles in getting data from
remote sensing, like cloud cover, cyclones, and space weather,
that could be improved for the performance of remote sensing.
This is when the terrestrial earth observation methods help us
understand the Earth more effectively. Yet they, too, have
certain limitations that restrict the area of study focused on the
Biodiversity Hotspots.

1.1 Why are biodiversity hotspots so important?

Biodiversity, or the variety of living organisms present on
Earth, is essential for life for several reasons,

e Ecosystem  stability:  Biodiversity  stabilises
ecosystems, which are intricate webs of creatures
interacting with one another and their surroundings.
The loss of even one species can ripple effect
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throughout an ecosystem, potentially causing a chain
reaction of other extinctions and ecological
imbalances [1].

e Natural resources: Biodiversity supplies a variety of
natural resources, including food, medicine, fuel, and
building materials. Many of these resources are
critical to human survival and well-being, and they
are frequently drawn from the distinct traits of other
species [2, 3].

e Ecological services: Air and water filtration,
pollination, nutrient cycling, and climate regulation
are just a few of the environmental services provided
by biodiversity. These services are critical for
preserving the ecosystem and supporting life on Earth
[4].

e Adaptation and evolution: Biodiversity provides the

building blocks for adaptation and evolution. Species’

genetic diversity allows them to adapt to changing
surroundings and evolve. This is critical for species’
long-term survival and ecosystem functioning [5].

e C(Climate change mitigation: Climate change
mitigation relies heavily on biodiversity. Forests,
oceans, and other ecosystems absorb and store
enormous amounts of CO,, lowering greenhouse
emissions in the earth’s atmosphere. The loss of
biodiversity can destabilise these natural systems,
diminishing their potential to moderate climate
change [6].

Biodiversity is necessary for our existence because it allows
for adaptation and evolution, provides societal advantages,
plays an integral part in climate change mitigation, has
aesthetic and inspirational value, and enhances ecosystem
functioning and the availability of services that benefit the
environment.

As a result, the term’ Biodiversity Hotspot’ emerged as an
approach to identifying areas of the world with a high level of
biodiversity that are simultaneously under serious threat from
human activity. Norman Myers originated the term in 1988,
and Conservation International popularised it in the 1990s [7].

A biodiversity hotspot is a region on Earth characterised by
exceptionally high levels of biodiversity, meaning it harbours
many different species. However, these areas are also under
considerable threat due to human activities, which have led to
the loss of natural habitat and the endangerment of numerous
species. To be classified as a biodiversity hotspot, an area must
meet specific criteria [8]:

1) Species Endemism: The region must contain many
species found nowhere else on Earth, known as endemic
species. Typically, a biodiversity hotspot must have at
least 1,500 species of vascular plants endemic to the area.

2) Vegetation Loss: The hotspot must have experienced

significant habitat loss, with at least 70 percent of its
primary native vegetation destroyed or severely degraded
due to human activities.

Various Earth observation techniques employ remote
sensing approaches developed by numerous international and
national space organisations. These organisations have
devised diverse methods for observing Earth from space.
However, terrestrial earth observation remains prevalent
during ground-based landscape research and study expeditions,
enabling researchers to capture intricate surface characteristics.
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However, when covering larger areas, challenges arise as
thorough scanning within a short timeframe is unfeasible.
Remote sensing techniques become essential for documenting
regions using satellite bands and identifying changes through
band combinations.

Space-based earth observation techniques encounter
limitations such as cloud cover obstructing infrared signal
reflection from the planet’s surface or inaccessible areas
beyond satellite reach. These constraints result in identified
blocked and blackout regions due to satellite trajectory and the
earth’s elliptical shape. However, subsequent orbital cycles
may cover these areas, and in-situ observations can
supplement the remotely sensed spatial data gaps. Hence,
innovative technologies are employed to assess planetary
health and discern anomalies and changes over defined
timeframes [9]. Consequently, multiple tools are deployed to
monitor planetary health and interpret anomalies and changes
detected within specific intervals.

Citizen science is a collaborative research approach in
which volunteers from the general public actively participate
in scientific investigations. These individuals help with data
collection, analysis, and interpretation while working with
professional scientists. Citizen science projects transcend
multiple disciplines, emphasising public engagement,
scientific knowledge, and open science research. This
approach harnesses the collective power of communities to
address scientific questions, fostering a sense of shared
responsibility and contributing valuable data for scientific
advancements.

The review study provides an in-depth examination of Earth
observation methods and their integration with citizen science
in studying biodiversity hotspots. It begins with a discussion
on terrestrial Earth observation techniques, including field
surveys and validation of satellite imagery using ground-based
observations. The review then covers sophisticated remote
sensing technologies, such as spaceborne LiDAR, RADAR,
and multispectral and hyperspectral imaging. These
techniques illustrate the extensive range of tools available for
ecological research, emphasising the need for integrating
diverse data sources to improve the accuracy and effectiveness
of environmental monitoring.

The role of citizen science is also a key focus, highlighting
its significant contributions to environmental research and the
United Nations Sustainable Development Goals (SDGs). The
review details youth-focused programs and initiatives like
NASA’s GLOBE Program, which engages the public in data
collection through protocols and tools such as the GLOBE
Observer App. Additionally, it explores open-source
geospatial tools like the Open Foris Suite and NASA Giovanni
for managing and analysing large datasets crucial for
environmental monitoring. The final section proposes a cost-
effective methodology for low-budget or self-funded research,
integrating these technologies to enhance research outcomes
and democratise access to scientific tools, promoting a more
inclusive and innovative scientific community.

2. METHODOLOGY

1) Research Focus: The review paper reviewed present
studies that provide Earth observation methods to
monitor and study the ecology or forest ecosystems.

Literature Search Approach: A literature search was
conducted on multiple scholarly databases, such as

2)



Scopus, Web of Science, and Google Scholar, along
with relevant repositories like ESA and NASA
archives. Keywords such as "Ecological Study,"
"Terrestrial Observation," "Remote Sensing," "Earth
Observation," and "Citizen Science" were combined
in various ways using Boolean operators (e.g., AND,
OR). A record of all search results was kept, duplicate
items were removed using EndNote, and systematic
review principles guided the final selection.
Inclusion Criteria: The search was guided by a fixed
set of inclusion criteria to narrow down the selection
of literature. The literature had to address earth
observation methods as the primary or secondary
subject. As a complete sentence, the specified
keywords must be included in at least one of the fields
(title, keywords, or abstract). Only peer-reviewed
scholarly journal articles written in English were
taken into consideration.

Literature Selection: The literature was searched
using Scopus based on the inclusion above criteria.
Papers that met the criteria were selected for further
analysis and review.

Methodological Approach: The review paper utilised
the indexed scientific databases to identify relevant
peer-reviewed studies that directly or indirectly
referenced earth observation and citizen science.
Examples from the literature were included to
summarise previous achievements, potential future
directions, and areas for improvement in integrating
earth observation into ecological research.
Analytical Techniques: The methodology combines
systematic literature review and qualitative analysis.
The systematic literature review involved a
comprehensive search, selection, and analysis of
studies that met the inclusion criteria. Qualitative
analysis was employed to synthesise and summarise
the state of available earth observation approaches
and provide insights into future research possibilities.

3)

4)

5)

6)

3. KEY EARTH OBSERVATION TECHNIQUES

Earth observation is the study and monitoring of the natural
and manmade environment on Earth. It entails gathering and
analysing data from on-the-ground investigations, satellites,
aircraft, drones, and other platforms capable of capturing
photos and data about the Earth’s surface, atmosphere, and
oceans [10].

Earth observation data is used to study various natural
phenomena associated with Earth’s environment, including
weather patterns, land use changes, vegetation health, ocean
currents, and atmospheric composition. It can also be
employed to track catastrophic events like floods, wildfires,
and tropical cyclones and aid in efforts to respond to them [11].

Earth Observation (EO) techniques provide crucial insights
into environmental changes and biodiversity monitoring.
Earth observation consists of terrestrial and remote sensing
methods [12-14], two different ways of studying and
monitoring the Earth’s environment. Figure 1 highlights the
significant aspects involved between both of these methods.

Terrestrial and remote sensing methods are complementary
approaches that can be combined to create a more complete
picture of the natural world on the planet. While terrestrial
earth observation has advantages regarding detailed, precise
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observations and measurements, remote sensing offers a
broader perspective and can be more effective in monitoring
large-scale changes over time [14, 15].

[ Earth Observation Methods ]
I

[ Remote Sensing Method ]

L Terrestrial Method J

1

{Rehes on direct observations and [lnvul\‘es collecting data from afar using ]

measurements conducted on the ground or sensors installed on satellites.

in the air using tools like telescopes,
cameras, and sensors. |

of data over wide areas, offering high
spatial and temporal resolution.

I

Used to study various environmental

such as weather patterns, land
use changes, vegetation health, and
atmospheric composition.

[

Data collection is automated and
{ Examples include field surveys, weather } continuous, providing consistent and

[ [Alluw.\ for the collection of massive volumes

Limited in scope and accuracy due to
factors such as weather conditions,
topography, and accessibility.

[{cquircs human observers to collect data }

manually, which can be time-consuming
and prone to errors.

balloon launches, and manned aircraft reliable information for analysis.
flights.

Figure 1. Earth observation methods

The following methods are central to understanding and
managing biodiversity hotspots:

3.1 Satellite imagery

Satellite Imagery utilises various satellites to capture
images of the Earth’s surface. It provides valuable data on land
cover, vegetation, and habitat changes over time.

Satellite imagery validation using terrestrial earth
observation techniques is essential in earth observation. While
satellite photography can monitor and map the Earth’s surface
[16], confirming and verifying the information gained from
satellite data using ground-based measurements and
observations is essential. Terrestrial observations, for example,
can be used to authenticate satellite pictures by providing
direct measurements of the Earth’s surface. Ground-based
sensors, for example, can be utilised to assess soil moisture or
vegetation cover, and the results can be compared to satellite
pictures to validate the accuracy of the satellite data.
Crowdsourced data, in addition to standard earth observation
techniques, can be used to validate satellite imagery. Citizen
scientists, for example, use their smartphones to capture and
submit geotagged photographs, which can then be compared
to satellite photography to check the correctness of the satellite
data. Thus, terrestrial earth observation procedures for
validating satellite imagery are vital in ensuring earth
observation data’s correctness and dependability. By
integrating satellite data with ground-based measurements and
observations, researchers can gain a more subtle picture of the
Earth’s surface and its changes through time. Both satellite
imaging and ground-based measurements should generally be
in the same units and format. For example, if the satellite
imaging measures temperature, the ground-based data should
also be in temperature units. Also, it is crucial to ensure that
satellite imaging and ground-based measurements represent
the same area and period. The correlation may be less accurate
if the ground-based data are gathered at a different location or
time than the satellite picture. Figure 2 demonstrates the
terrestrial cloud observation and satellite data match report,
which provides one example of ground-truthing spatial
observations through terrestrial observations.



NASA Cloud Observation and Satellite Match

Isatellite GEO Aqua NOAA20
universal Date/Time 2023- S
p1-19 08:10 08:04 07:59
LLatitude Range 21.921022.56 21.811022,61 21.8310 22,63
Longitude Range 75.83 to 76.47 75.76 10 76.56 75.7310 76.53
otal Cloud Cover Fow1.06% () No Glouds 0.00% . | No Clouds 0.00% )
H | Cloud Cover No Clouds -/ No Clouds )
5 | Cloud Altitude
4 | Cloud Phase
Cloud Opacity
w | Cloud Cover No Clouds -/ No Clouds ®
I | Cloud Altitude
© | Cloud Phase
Cloud Opacity
L | Cloud Cover Few (1.06%) ') No Clouds )
o | Cloud Altitude 0.74 (km)
W | Cloud Phase Water 209.78 (K)
Cloud Opacity Transparent
METEOSAT-9 MODIS Aqua
Visible Roldl_!lm
- ey VIIRS NOAAZ0
lcomesponding NASA e s
ICiick to view image -—> = s
GEO Tutorial
Jare there any comments you would like to add? Be sure to add the name of the satellite for our record. | Surface Gonditions
Snow/lce No
Standing Water  No
Muddy Yes
Dry Ground No
LeavesonTrees  Yes
Raining or Snowing No
Submit Comment

Figure 2. The NASA cloud observation and satellite match
report (Credit: NASA and GLOBE)

3.2 Spaceborne lidar technology

LiDAR (Light Detection and Ranging) is a remote sensing
technology that uses laser beams to measure the distance
between a sensor and the Earth’s surface. Active remote
sensing delivers accurate and detailed three-dimensional
information on the Earth’s surface and features [15, 17, 18].

Table 1. LiDAR technology-based earth observation

missions
. Launch  Primary Data
Mission Date Obijective Key Features Applications
LiDAR
Study CIOUd.S technology for ~ Climate
and aerosols in vertical research
CALYPSO 2006  the Earth’s - '
profiling of Weather
atmosphere -
clouds and forecasting
[24]
aerosols
High- Forest
Measure resolution structure,
GEDI 2018 Earth’s forests LiDAR data carbon cycle,
in 3D [25] from the biodiversity
ISS [26] [27]
Measure polar . Ice sheet
. Laser altimeter S
ice sheet for precise monitoring,
ICESat-1 2003 thickness and pre climate
elevation
cloud measurements change
properties [28] research
Advanced Improved ice
Continue and  Topographic hp loud
enhance Laser sheet, cloud,
ICESat-2 2018 - and land
measurements  Altimeter .
elevation data
from ICESat-1 System [30]
(ATLAS) [29]
LiDAR is adequate for mapping forest structures,

measuring canopy height, and assessing vegetation density.
Principle of Operation: LiDAR emits laser pulses and
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measures the time the pulse travels to the target and returns to
the sensor. The time interval can be turned into a distance
measurement by knowing the speed of light. LIDAR sensors
can shoot laser pulses rapidly, allowing them to collect many
data points across the measured region [19].

Point Cloud Data: The output of LiDAR is a point cloud, a
collection of millions or billions of individual data points in
three-dimensional space that LIDAR produces. Each point in
the point cloud represents a precise position on the Earth’s
surface and elevation data. LiDAR point clouds contain
excellent spatial resolution and detailed representations of
topography, vegetation, buildings, and other things [20].

The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observations (CALIPSO), Global Ecosystem Dynamics
Investigation (GEDI) and Ice, Cloud, and land Elevation
Satellite (ICESat) are primary NASA missions that utilise
LiDAR technology in remote sensing for Earth observation
which provides open-source remotely sensed data for analysis
[21-23]. Table 1 highlights these missions briefly.

3.3 Spaceborne radar technology

Radar (Radio Detection and Ranging) analyses reflected
signals to detect and quantify the qualities of objects [31].
Radar systems onboard satellites to monitor and measure
numerous phenomena on Earth’s surface and atmosphere are
called spaceborne radar technology.

Radar also measures the Doppler shift in the frequency of
reflected signals to determine the target’s velocity. Spaceborne
radar has a wide range of applications across various scientific
disciplines, as follows:

1) Earth Observation: Mapping surface properties such

as topography, vegetation, and land cover changes.
This is particularly relevant for environmental studies,
disaster management, and land-use monitoring [32].
Weather and Climate: Detecting precipitation, storms,
and atmospheric dynamics to support weather
forecasting and climate trend analysis [33].
Oceanography: Measures water surface phenomena
such as waves, currents, and wind speed and direction.
It contributes to oceanic research, coastal monitoring,
and maritime navigation [34].
Glaciology: Monitoring ice sheet thickness and
surface changes and detecting glacial dynamics,
contributing to research on polar regions and climate
change [35, 36].

2)

3)

4)

Table 2. RADAR technology-based earth observation

missions
. . Launch  Primary Data
Mission Date Obijective Key Features Applications
Dual- Weather
Measure -
lobal frequ_enqy fore_castlng,
GPM 2014 regi itation Precipitation climate
P [37p 38] Radar (DPR) research,
' [39] hydrology [40]
L-Band Radar 5 e jture
Measure soil and g '
moisture and Radiometer for water resource
SMAP 2015 - . management,
freeze/thaw high-resolution . .
- - climate studies
states [41]  soil moisture
[42]
data




Synthetic Aperture Radar (SAR), a widely employed
spaceborne radar method, enhances imaging capabilities by
simulating a large antenna aperture through satellite motion.
SAR enables high-resolution imaging and provides valuable
data for research in Earth system sciences, including
interferometry and polarimetry techniques used to extract
geophysical parameters.

The development of radar technology has significantly
contributed to missions such as NASA and the Japanese
Aerospace Exploration Agency (JAXA) ‘s Global
Precipitation Measurement (GPM) and Soil Moisture Active
Passive (SMAP), which play critical roles in advancing
weather forecasting, hydrology, and soil moisture monitoring
for agricultural and water resource management. These
missions, summarised in Table 2, demonstrate the integration
of radar technologies in addressing Earth observation
challenges central to this research.

3.4 Field surveys and validation

Field Surveys

Atmosphere y phere

Pedosphere (Soil)

1) Meteorological Observations. 1) Water Guality Surveys 1) Soil Mapping

2) Alr Quality Monitoring 2) Phenology Sur 2) Aquatic Habitat Surveys 2) Soll Sampling

3) Atmospheric Chemistry Observations %) Ecological Surve: 3) Streamflow Surveys 3) Soll Erosion Surveys

4) Greenhouse Gases Monitoring 4) Habitat Sur 4) Waterbird Surveys 4) Soll Carbon Surveys

Figure 3. Field survey types concerning earth system

Figure 4. Himalayan Expedition 2021 at Ladakh: (a)The
researchers studying sand ramp formation; (b)One of the
researchers pointed out a distant landscape to know more
about it; (c)Two researchers are discussing the stone sample
collected for geological study; (d)The Senior Geo-scientist
explained Tso Kar Terrain and sketched the landscape with
note-taking significant insights; (e)Few explorers collect
water samples, which portrays team spirit and cooperation;
(f)Visiting the site to collect data from the mountain valley;
(g)Soil characteristics measuring scale for field data
collection
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Ground-based data collection is essential for validating and
calibrating remote sensing data. Field surveys help ensure the
accuracy of satellite and airborne measurements by providing
on-the-ground observations.

Field surveys and Field Expeditions include direct
observations and measurements done by humans using
sampling equipment such as binoculars, cameras, etc. Field
surveys can investigate various environmental phenomena,
including plant and animal habitats, terrain study, water
quality, soil characteristics, etc., as shown in Figure 3.

Depending on the extent and complexity of the study, field
expeditions can be undertaken by a single researcher or a team
of researchers, especially embarking on field expeditions, as
seen in Figure 4. Field Surveys are typically conducted
regularly, such as daily, weekly, or monthly, to track changes
over a particular time or season.

Field surveys and expeditions can be time-consuming and
labour-intensive, but they can yield valuable data and insights
that remote sensing approaches cannot supply. They can also
confirm and enhance remotely sensed spatial data, ensuring
environmental monitoring and research accuracy and
dependability.

4. SIGNIFICANCE OF CITIZEN SCIENCE

The accessibility of information technology infrastructures,
such as mobile phones and affordable sensors for data
gathering and reporting, propels the surge in citizen science
development. The internet facilitates seamless data sharing,
while cloud storage solutions are pivotal in hosting and storing
information.

Figure 5 illustrates the integral components of citizen
science. Collectively, these elements form a robust foundation.
Table 3 delves into the importance of citizen science,
emphasising the key components outlined in Figure 5.

h

Community
Engagement
D STEM

Diplomacy

Data
Collection

5ot KEY ELEMENTS e ookl

ocietal xperientia

Awareness OF CITIZEN Lzorning
SCIENCE

Data
Validation

Education &
Outreach

-

Technology
& Innovation

Figure 5. Key elements of citizen science

Emerging as a promising avenue for environmental research,
citizen science is propelled by increasing interest from
governmental and research sectors. Despite high expectations,
a notable gap exists between anticipated and actual impacts.
Understanding the pathways through which citizen science
drives environmental change is essential to address this
disparity. Six key pathways are identified: environmental



management, policy support, behaviour change, social
advocacy, political influence, and community action. The
recent study underscores the intricate interplay between
project attributes and participant needs. A framework is
proposed, delineating four distinct citizen science approaches:
localised community engagement, specialised interest
exploration, educational research endeavours, and large-scale
data collection initiatives [43].

Table 3. Elements of citizen science

Elements Significance
. Establishes a strong connection between the
Community - L :
public and scientific research, fostering a sense
Engagement L
of shared responsibility.
Integrates science, technology, engineering,
STEM - - ) ;
. and mathematics, promoting international
Diplomacy .
cooperation.
—_— Empowers individuals  through  direct
Experiential - R A
. involvement in scientific research, contributing
Learning

to hands-on education.

Ensures the reliability of information collected
by participants, enhancing the credibility of
scientific findings.

Leverages modern tools for efficient data
collection and problem-solving, enhancing the
overall research process.

Enhances public awareness and scientific

Data Validation

Technology and
Innovation

Education and

Outreach literacy, _promoting  engagement and
understanding.
. Heightens awareness as citizens actively
Societal contribute to research, addressin lobal
Awareness ’ g9

challenges collectively.

Underscores the importance of the public’s role
in generating valuable scientific insights
through active data collection.

Data Collection

4.1 Youth-focused programs for environmental research

Youth-focused programs exemplify this approach, playing
a pivotal role in environmental research by engaging young
participants in scientific inquiry and conservation activities.
Through hands-on participation in projects, youths contribute
to conservation outcomes such as regional resource
management and habitat improvement while also developing
environmental science initiatives - a combination of
understanding, identification with scientific practices, and
belief in their capacity to enact change. This dual impact
enhances youth’s scientific literacy and fosters a sense of
ownership and responsibility towards environmental issues,
shaping them into future ecological stewards and driving
positive environmental change [44].

Citizen science informs management decisions and
promotes public involvement in protected area stewardship
through various approaches and innovative technologies. By
engaging volunteers from diverse backgrounds, this research
demonstrates the transformative potential of citizen science in
advancing environmental conservation efforts, paving the way
for a more inclusive and sustainable approach to
environmental management [45].

Citizen science advances scientific understanding and
empowers communities to engage in environmental decision-
making processes actively. This underscores the
transformative potential of citizen science in promoting
collaboration, enhancing public awareness, and driving
meaningful action towards environmental sustainability [46].
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4.2 Citizen science contribution to the United Nations
SDGs

Citizen science significantly contributes to various UN
Sustainable Development Goals (SDGs) through data
collection, monitoring, and community engagement. Citizen
science initiatives provide valuable data for SDG indicators,
particularly in areas such as biodiversity conservation (SDG
15), urban sustainability (SDG 11), public health (SDG 3), and
water management (SDG 6). By engaging citizens in data
collection and analysis, these initiatives enhance the
effectiveness of environmental research and monitoring,
fostering community participation and empowering
individuals to contribute to sustainable development efforts
globally [47].

Examples of Citizen Science Studies Focusing on SDGs:

To illustrate the impact of citizen science on the SDGs, the
following examples highlight studies that have successfully
integrated citizen science approaches to address key
sustainable development targets.

These studies are included to demonstrate citizen science’s
practical applications and significant contributions to
achieving various SDGs. They provide concrete examples of
how community engagement and citizen-led data collection
can enhance environmental monitoring and support
sustainable development goals.

4.2.1 Contributions of citizen science to the SDGs

Fraisl et al. [48] examined the contributions of citizen
science to the United Nations Sustainable Development Goals
and other international agreements and frameworks. This
study highlighted how citizen science initiatives can bridge the
gap between data availability and the need for timely, relevant,
and reliable information to track progress toward the SDGs.
The research emphasised that despite the global adoption of
the SDGs and the development of a Global Indicator
Framework with 231 unique indicators, many countries need
help monitoring these indicators due to limited resources and
institutional capacity. Citizen science offers a solution by
involving local communities in data collection and monitoring
efforts, enhancing the capacity to measure progress accurately
and supporting the SDGs’ achievement.

4.2.2 Assessing biodiversity and ecosystem service potential
of urban green spaces in Ghana

Damptey et al. [49] explored the biodiversity and ecosystem
service potential of urban green spaces in Sunyani, Ghana,
using citizen science approaches. The study assessed
biodiversity levels and ecosystem services in various green
spaces, including the University of Energy and Natural
Resources Wildlife Sanctuary and Arboretum, Sunyani Parks
and Gardens, Sunyani Residency Park, and Sunyani Senior
High School Woodlot. Citizen scientists, including
community members and children, observed and documented
biodiversity (trees, arthropods) and ecosystem services. The
findings showed a significant relationship between arthropod
communities and vegetation variables, highlighting the
importance of urban green spaces in provisioning and
regulating services. The study also revealed high awareness
among citizen scientists about the value of nature and the
threats posed by human activities. This example demonstrates
how citizen science can enhance biodiversity monitoring in
data-deficient regions and contribute to sustainable urban
management.



5. THE INTERSECTION OF CITIZEN SCIENCE AND
EARTH OBSERVATION

The intersection of Citizen Science and Earth Observation
represents a developing frontier in environmental research,
poised to revolutionise how we collect, validate, and interpret
data about our planet. With the proliferation of high-resolution
satellite imagery and advancements in mobile technology,
citizens are increasingly empowered to contribute to scientific
endeavours, from data collection to hypothesis generation,
bridging the gap between professional scientists and the
general public. Their synergy is evident in myriad applications,
spanning disaster response, marine ecology, biodiversity
monitoring, land cover analysis, forest inventory, and
phenological studies. By engaging citizens in these activities,
this initiative not only harnesses the collective power of
community involvement but also provides invaluable ground-
truth observations for calibrating and validating remotely
sensed imagery [50]. Figure 6 presents an enhanced
framework for earth observation through citizen science.

Citizen
Science &
Global
Engagement

Proposed Enhanced
Framework for
Earth Observation
through Citizen
Science Integration

Collaborative

N > R /
(i %
D N/ &
Of’,) \?'), . Scientific \Q‘ £/S
Co 2
%) ) & °o Research & c\‘z//_i\“\
% ~ :
”/4 N9, e’o & Education . ZSQ _\\fe\// e\\.‘v Py
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% €, \% x° &/ &
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&\ / b "3
Qs "\ / \ /ot
% N\ / \ S
Y N\ N
/4 \, \,

Figure 6. Enhanced framework for earth observation through
citizen science integration

5.1 Proposed enhanced framework for earth observation
through citizen science integration

The Proposed Enhanced Framework for Earth Observation
through Citizen Science Integration aims to create a
synergistic approach to environmental monitoring and
research. At the core of this framework is integrating diverse
methodologies and data sources, leveraging the strengths of
traditional scientific research and community-driven citizen
science. The central components of this framework are Citizen
Science & Global Engagement, Data Collection &
Environmental Monitoring, Collaborative Data Sharing, and
Scientific Research & Education. Each component is
interconnected, promoting a holistic approach to Earth
observation that is more accurate, inclusive, and effective.

Citizen Science & Global Engagement focuses on
crowdsourcing data collection and empowering communities.
By involving the public in scientific research, this component
enhances data accuracy and coverage through ground-truthing

759

spatial data and promotes environmental awareness. Data
Collection & Environmental Monitoring ensures high-
resolution and accurate data collection, further validating
remote sensing data. Collaborative Data Sharing facilitates the
exchange of data and best practices across borders, fostering
global collaboration and increasing data accessibility.

Finally, Scientific Research & Education advances
knowledge and informs policy by analysing collected data and
fostering innovation and critical thinking. These components
create an amplified knowledge exchange, leading to
accelerated scientific discovery and informed climate change
and biodiversity conservation decision-making. This
integrated framework is innovative and essential for advancing
Earth observation capabilities through the active involvement
of citizen scientists.

As governments and organisations increasingly recognise
the value of citizen-based data, legislative support and
technological innovation will play pivotal roles in fully
integrating citizen science into operational earth observation
applications, democratising access to environmental
information and catalysing collaborative efforts to understand
and protect our planet.

The GLOBE Program is an incredible example of how
Citizen Science and Earth Observation are integrated to study
the environment from Local to Global Approach.

5.2 The GLOBE program

The NASA-sponsored GLOBE (Global Learning and
Observations to Benefit the Environment) Program is a global
scientific and education initiative encouraging students,
teachers, and citizen scientists to participate in Earth
observation and environmental monitoring. The program
engages participants in ecological data collection and analysis
through a hands-on, inquiry-based approach [51].

The GLOBE Program provides students, instructors, and
citizen scientists a platform to engage in Earth observation and
environmental monitoring. The program improves scientific
literacy, encourages a better understanding of Earth’s systems,
and contributes to global environmental research and
awareness by involving people in data collecting, analysis, and
sharing [17, 52]. By embracing a hands-on approach to inquiry,
participants are actively encouraged to engage in local
investigations guided by GLOBE Protocols [53]. These
protocols are rigorously developed and validated by a global
community of scientists to ensure their scientific reliability
and accuracy. They cover five fundamental fields: atmosphere,
biosphere, hydrosphere, soil (pedosphere), and Earth as a
system.

These meticulous measurements, aligned with GLOBE
Protocols [54], are integral to creating a global resource for
scientific inquiry and play a crucial role as ground truth for
NASA satellite data products, particularly in areas such as
clouds and soil moisture. The GLOBE Protocols are a guiding
framework that promotes observation consistency and
reliability and contributes to local understanding and broader
scientific endeavors.

Table 4 briefly overviews the GLOBE Program’s earth
observation approach. It explores protocols and measurements,
citizen science, data entry and sharing, technology and tools,
collaboration, and local and global research.



Table 4. Key aspects of the GLOBE program

Table 5. Environmental monitoring GLOBE protocols

Aspect Description Protocol Measurements Purpose
The GLOBE Program standardizes data gathering Air temperature Assist  participants in
techniques as GLOBE Protocols in Earth science Atmosphere precipitation h?;midit ' understanding the
realms such as the atmosphere, biosphere, Protopcol Elou dpcover ’air ressur)é] dynamics of the Earth’s
Protocols and hydrosphere, and pedosphere (soil). Specific [55] wind s éed P winci atmosphere  and  the
Measurements measurements and methodologies for observing direction peed, variables that influence
environmental indicators such as temperature, weather and climate.
precipitation, cloud cover, soil moisture, Plant and animal life Helo participants better
vegetation, and water quality are outlined in these Bi cycle observations (leaf PP P
iosphere . understand the
protocols [55]. Protocol growth, flowering, relationships between
The GLOBE Program actively involves students, [55] migration patterns), soil living s eEies and their
teachers, general citizens, and properties (temperature, surrogun dF:n s
scientists/researchers in data collection and moisture content) g5
observation activities. The techniques are taught to Help participants
Citizen the individuals, and they use scientifically understand the properties
Science rigorous approaches to collect data from their local H)I;drgizggfre :j/\ilsstglrvggmperatu;i, peHn’ and dynamics of the
environments. This citizen science approach [56] turbidit YO Earth’s water systems,
enables the collection of vast amounts of Earth y including rivers, lakes,
observation data from various geographic regions and oceans.
[17, 55]. Help participants
GLOBE Members enter their collected data into Pedosphere Soil temperature understand soil properties
the GLOBE database, which stores it and makes it Protocol moisture texturep color " and the importance of
available for analysis and visualization. The data [55] ' ' soils in supporting life on
Data Entry  has been quality-checked and is available for Earth.
and Sharing  further study and investigation by scientists,
academics, and educators. This collaborative Each protocol contains complete data collection methods,
approaé:h incgyrage](sEdaE,sharng anciYads\gances including information on equipment, measuring processes,
gﬁ;ugfggg gg)orar:rutifi;g: et?cshElolé) ].an q and data recording. Participants can enter their data into the
online tools to fac?litate data entry analysgi)é and GLOBE database [55], where scientists and other users can
visualization. People can use their s’martphon’es to access it for research reasons. Thus, the GLOBE program and
Technology  take and submit observations using the GLOBE associategi protocols pffer students and c.itizens a significant
and Tools  Observer mobile app. The GLOBE Visualization opportunity to contribute to global environmental research

System (GVS) is a set of interactive tools for
exploring and analyzing GLOBE data via maps,
graphs, and visualizations [55].

The GLOBE Program promotes collaboration
among scientists, educators, and students. The
data produced aids scientific study and can be used
to validate and calibrate satellite observations.
GLOBE also invites students to design their
research topics and inquiries utilizing GLOBE
data and fosters joint research projects [17, 55].

Collaboration
and Research

5.3 NASA
monitoring

GLOBE Dprotocols for environmental

As shown in Figure 7, studying the different Earth’s spheres,
like the Atmosphere, Biosphere, Hydrosphere, and
Pedosphere (Soil), gives us an understanding of the
functioning of the Earth’s System.

Table 5 briefly describes each protocol’s purpose and
measurement parameters for terrestrial earth observation.

MTHE PROGRAM

Do GLOBE, Do Science! , Visit us at www.globe.gov
- — | fie E §
! | L
PRy o

al Bit;.s‘pbere. 1

-
Bl AL

Soil (Pedosphere)

Figure 7. NASA GLOBE Protocols (Credit: NASA-Source:
https://eospso.nasa.gov/publications/29)
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while gaining hands-on experience in scientific data collecting
and analysis [57, 58].

5.4 NASA GLOBE observer app tool

The NASA GLOBE Observer app is a mobile application
that allows individuals to participate in Earth science studies
by gathering environmental observations. Figure 8 shows the
screenshot of the app. The GLOBE Observer app is part of The
GLOBE Program (Global Learning and Observations to
Benefit the Environment), which aims to engage people in data
gathering and improve our understanding of Earth’s systems
[55].

11:50 ¥

#5 THE GLOBE PROGRAM

@p GLOBE
¢/ Observer

Choose your protocol

Figure 8. Screenshot of NASA GLOBE observer app



1) Data Collection: The GLOBE Observer app features
an easy-to-use interface for collecting environmental
observations. Users can participate in various
campaigns and protocols, such as cloud observations,
mosquito habitat mapping, land cover classification,
tree height measuring, and more. Each procedure
provides step-by-step instructions and visual
assistance to ensure correct data collection. Figure 8
shows the screenshot of the app, which has different
data collection sections with which to interact.

2) Integration of Mobile Sensors: The software uses
smartphone sensors to collect extra data. The cloud
observations protocol, for example, captures images
of the sky using the phone’s camera. In contrast, the
land cover classification protocol uses the GPS and
camera to detect the user’s location and acquire
photos of the surrounding environment.

3) Educational Resources: The app contains educational
resources and interactive elements to improve
learning and engagement. Through forums and social
media, users can learn about the science underlying
each protocol, discover educational materials, and
engage with a community of GLOBE scientists.

4) Data Visualization: The app collects observations,
visualises them on maps, and makes them available
for public viewing. Users can investigate their
findings and those supplied by others, allowing them
to visualise global patterns and trends in
environmental data [59].

5) Continuous Updates and Campaigns: The GLOBE
Observer app’s procedures and campaigns are
frequently updated to reflect current scientific
research objectives and environmental issues. New
initiatives allow citizen scientists to contribute to
specific research fields and address urgent ecological
challenges.

Individuals can use the NASA GLOBE Observer app to
actively participate in Earth science research and contribute to
our understanding of the environment. The app makes it easier
for citizen scientists to collect vital data and contribute to
global environmental monitoring initiatives by using the
accessibility and capabilities of smartphones [57].

6. OPEN-SOURCE GEOSPATIAL TOOLS FOR EARTH
OBSERVATION

Geospatial tools and techniques provide the framework for
Earth observation analysis, offering vital insights into
environmental processes, land cover changes, disaster
monitoring, and other uses. The data needs, analysis objectives
and user skills determine the choice of specific tools and
techniques.

OpenForis and Giovanni are selected for review study due
to their significant contributions and capabilities in facilitating
Earth observation analysis. OpenForis is a suite of open-source
tools designed for collecting, managing, and analysing
environmental data. It is an invaluable resource for researchers
and practitioners in field data collection and land cover
analysis. On the other hand, Giovanni provides access to a
wide range of Earth science data sets and analysis tools,
allowing users to explore and visualise environmental
processes and phenomena easily. Both platforms offer user-

friendly interfaces and advanced analytical capabilities,
making them suitable choices for addressing the diverse data
needs and analysis objectives in Earth observation research.
Additionally, their open-access nature promotes collaboration
and knowledge sharing within the scientific community,
further justifying their significance behind the selection for the
review study.

6.1 Open Foris suite

Open Foris is a suite of open-source software tools created
by the United Nations Food and Agriculture Organisation
(FAO). Its purpose is to monitor the forest, collect data, and
analyse it [60]. Below are the Open Foris’ primary features
discussed briefly:

1) Collect Earth: This tool allows users to collect
reliable and efficient land monitoring and assessment
data. It uses satellite photos and high-resolution aerial
photographs to enable users to define sample
locations and collect ground-based data using an
intuitive interface [61].

2) Open Foris Calc: It is a data analysis and processing
software tool. It has several functions for analysing,
aggregating, and summarising data. It offers
statistical calculations, transformations, and spatial
analysis to obtain relevant insights from acquired
data.

3) Open Foris Geospatial Toolkit: This toolkit is a set of
tools for geospatial analysis. It comprises geographic
data processing, interpolation, raster analysis, and
map algebra functions. It allows users to do advanced
geospatial analysis activities on remote sensing data
and other spatial information.

4) Open Foris SEPAL: SEPAL (System for Earth
Observation Data Access, Processing, and Analysis
for Land Monitoring) is a cloud-based platform
within Open Foris. It provides users access to various
remote sensing data, picture processing, and analysis
capabilities. SEPAL enables advanced image
analysis, categorisation, and change detection on
large-scale satellite imagery collections.

5) Forest Assessment: Open Foris provides forest
assessment tools and procedures, such as forest
inventory and monitoring. It facilitates data gathering
on forest cover, tree species, biomass, and other
critical metrics for monitoring forest health, carbon
stocks, and biodiversity [62].

6) Collaborative Data Sharing: Open Foris encourages
collaborative data sharing and provides tools for data
administration, sharing, and visualisation. It enables
users to publish and distribute collected data, analysis
results, and maps to other stakeholders and the larger
community [63].

7) Integration and Customization: Open Foris is
intended to be expandable and compatible with
various tools and systems. It enables interoperability
with existing GIS software, databases, and data
repositories by supporting data interchange via
standard formats and protocols. Its open-source
nature also allows for customisation and extension.

The Earth Map Tool [64], part of the Open Foris Suite, is a
comprehensive platform for visualising and analysing diverse



spatial and environmental data. The interface, as shown in
Figure 9, provides various features that facilitate in-depth
ecological analysis and research. Users can begin by selecting
specific areas of interest (Aol), allowing them to focus their
analysis on predefined geographical regions. This flexibility
supports tailored studies at local, regional, or global scales.

The tool offers numerous data layers categorised under
themes such as agriculture, biodiversity, climate, climate
projections, emissions, fire, forestry, geophysical, hydrology,
vegetation, imagery, etc. Users can filter and select the layers
most relevant to their research needs. This extensive range of
options ensures that researchers can access and integrate
various data types to support comprehensive environmental
studies.

Users can choose specific data variables and parameters in
the’ Insights’ panel, such as maximum temperature,
precipitation, soil moisture, etc. The tool allows for temporal
aggregation, enabling data analysis on an annual or monthly
basis. Once the desired parameters are set, the Earth Map Tool
processes the data to generate visual outputs. For example, a
temporal plot might display trends in temperature changes,
precipitation patterns, or vegetation growth over time, with
visualisations including mean values and trend lines to provide
insights into temporal changes and patterns for the selected
Area of Interest.

Additionally, the tool includes options for opening the area
of interest with different analytical tools, running custom
scripts for advanced data processing, and exporting
visualisations for further analysis or reporting.

The Earth Map Tool empowers researchers, policymakers,
and environmentalists by providing access to high-quality
spatial data and advanced analytical tools [64]. It supports
comprehensive environmental monitoring and research,
enabling users to study various phenomena, from climate
change and biodiversity loss to agricultural productivity and
water resource management. The Earth Map Tool fosters a
more inclusive and innovative scientific community through
open access to these tools and data, promoting informed
decision-making and impactful research across diverse regions
and disciplines.

By providing accessible and user-friendly tools for data
gathering, analysis, and visualisation, Open Foris intends to
help sustainable forest management, biodiversity conservation,
and land monitoring. Its open-source nature encourages
cooperation and allows organisations and individuals to alter
and enhance the earth observation to meet their needs and
objectives [62, 65].

Insights
European Union .« - EUROPEAN UNION

Temperature - Maximum ECMWF ERAS Lan

A Geophysical

Figure 9. Interface of OpenForis - Earth map platform where
the area of interest selected is European Union for
demonstration purpose
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6.2 NASA Giovanni

NASA Giovanni is an acronym for "Goddard Earth
Sciences Data and Information Services Centre (GES DISC)
Interactive Online Visualisation and Analysis Infrastructure.”
It is a web-based platform that allows users to access, visualise,
and analyse data sets from multiple satellite missions and
models. Giovanni offers user-friendly interactive tools and
visualisations for exploring and analysing data [66, 67]. Key
features of Giovanni include:

1) Data Access: Giovanni gives you access to a massive
library of NASA Earth science data from satellites,
including atmospheric [68], oceanic, terrestrial, and
climate data [69, 70].

Visualisation: To better comprehend and analyse the
information, wusers can build maps, time series,
scatterplots, and other visualisations of the specified data
sets.

Analysis Tools: Giovanni provides fundamental analytic
functions such as data sub-setting, averaging, anomaly
calculation, and statistical comparisons.

User-Friendly Interface: The platform is user-friendly,
allowing researchers, students, and other users to interact
with Earth science data without requiring substantial
programming or technical knowledge.

2)

3)

4)

Giovanni provides interactive visualisation tools that let
users explore and analyse GPM data by creating maps, among
other visualisations.

[67,71].

Figure 10 depicts the GPM Data Time Series for
Mahabaleshwar Hill Station. This shows the average yearly
and monthly rainfall from 2001 to 2020. Interannual and
seasonal variability is significant in the precipitation of the
graph. For example, the more substantial rain during the
monsoon months, June to September, is associated with the
Indian Summer Monsoon, driven by large-scale atmospheric
circulation patterns and the orographic effects of the Western
Ghats. Conversely, less precipitation in other months is
attributed to the retreat of the monsoon and dry conditions.
These variations have critical implications for water resource
management, agriculture, and local climate dynamics in the
region and thus require further investigation into the
underlying mechanisms and long-term trends.

Interannual Time Series (Mahabaleshwar, Western Ghats, India)

[GPM GPM_3IMERGM vO
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Figure 10. GPM time series data of Mahabaleshwar, India
(Generated from NASA Giovanni tool)



7. CRITICAL ANALYSIS WITH A PROPOSED
METHODOLOGY FOR ECOLOGICAL STUDY

This review study provides insights into future
opportunities for research and development in Earth
observation and environmental monitoring. Some of the
potential opportunities are highlighted in Table 6.

Table 6. Critical analysis major highlights

Opportunities Description

Emphasizes the significance of combining
diverse data sources (e.g., ground-based
observations, satellite imagery, citizen
science) to enhance accuracy and efficiency in
environmental monitoring.

Explores the potential of newer technologies
like hyperspectral imaging, LiDAR, and
RADAR in providing more detailed and
precise data for environmental research and
monitoring.

Highlights the potential of machine learning
and artificial intelligence in simplifying the
analysis of large datasets for identifying
patterns in environmental data, making it
accessible to a wider audience.

Stresses the importance of involving the
public in environmental research through

Integration of
multiple data
sources

Advancements in
remote sensing
technology

Easier use of
machine learning
and Al

Citizen science and

community citizen science and suggests the need for
engagement innovative engagement methods to bolster
community participation.
Addresses the critical role of Earth
Climate change observation in tackling pressing

adaptation and
mitigation

environmental issues like climate change and
underscores the need for novel approaches in
adaptation and mitigation strategies.

Overall, this review study provides valuable insights into
the current state of Earth observation and environmental
monitoring and suggests several potential opportunities for
future research and development in this field. By combining
the tools above, approaches, and remote sensing data, we
propose a unique methodology for our research to study the
influential parameters affecting biodiversity hotspots.

7.1 Future directions: A proposed methodology for
ecological study

Ecological studies require careful site selection within a 1-
3km radius, adaptable based on geography and research goals.
Key steps include using Earth Map to analyse elevation,
climate dynamics, and ecological metrics (e.g., precipitation,
temperature, and vegetation indices). Monthly time series
analyses help identify trends, while stakeholder inputs validate
findings. The parameters identified are then linked to
ecosystem impacts, with control sites selected for comparison
to assess their influence comprehensively. This leads us to
develop three models. Model 1 focuses on correlation analysis.
Model 2 builds upon these findings, and Model 3 provides an
understanding by aggregating all results (Figures 11-13,
respectively).

Model 3 is then the final stage of this analysis, synthesising
the model outputs from Model 1 and Model 2 to further
understand the study region’s ecological climate dynamics.
Unlike a simple aggregation of results, Model 3 performs an
integrative role between the associations obtained in Model 1
and the validated parameters and ecosystem interactions
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obtained in Model 2. This integration facilitates moving
beyond isolated parameter relationships to understand the
overarching impacts on the ecosystem, particularly within
biodiversity hotspots.

Model 1 is the starting point for logical progression, as it
establishes correlations between climate parameters such as
temperature, precipitation, relative humidity, and atmospheric
pressure with ecological metrics like ND VI, land cover change,
and surface temperature. This step provides a basic
understanding of how climatic factors influence ecosystem
components over time. Model 2 advances these findings to
validate through field visits and stakeholder insights but still
provides an added layer of analysis that aims to determine key
influential parameters and their dependencies within the
ecosystem. Comparing this study site to some control areas
less affected by identified parameters, Model 2 ensures that
impacts are robust and contextual.

Model 1 :- “Ecological & Climate Analysis"

“Correlation Analysis on Seasonal
Classification of Atmospheric Data™

“Temporal Analysis on Ecological
Metrics Data™

Metrics Considered for Earth Map Tool:
« Extreme Heat, Rain, Frost Days from
ECMWF ERAS.

Parameters Considered per day average for
more than 30 years climate data:

« Precipitation (mm/day)

« Temperature(max, min, mean;*C)
« Atmospheric Pressure (hpa)

« Relative Humidity(%)

« NDVI from Landsat, MODIS and

Sentinel-2.

« Landcover Change Matrix from

Sentinel-2 and MODIS.

« Leaf Area Index, Greenness, Sensible
Heat flux and Canopy Evaporation
from Giovanni .

Heat map generation based on Pearson
Correlation Coefficient, Time Series
the Trends,
Seasonality, Residuals (Outliers often

A pheric Parameter A lies)

D position for under

Figure 11. Model 1 focused on selected parameters analysis

Model 2 :- "Model 1 Result Validation, Influential Factor
Identification & Control Site Selection with Impact Assessment"'

Influential Parameters S T
Select control sites or

Experiential Validation
by Field Visit of AOI
and discussing the
outcome with
associated individuals

and senior citizens

Identification and studying
the dependencies between
the identified parameters

and their potential
interactions within the
ecosystem.

reference areas that are
similar to the AOI/study
area but not significantly
influenced by the
parameter of interest.

Quantify differences or associations between parameters and impact metrics by employing
statistical analyses mainly t-tests, ANOVA, and regression analysis.
Compare the metrics between the selected study area and control sites to assess their impact.

Figure 12. Model 2 focused on validating results from Model
1, further cross-analysis with selected control sites, and
quantifying the impact factor of influential parameters

Model 3=Model 1 + Model 2

Final

Model 1

U

Outcome

of infl ial
parameters affecting the
ecosystem, it's impact factor

and overall change happened
q_;il}iodiversi(y Hotspot

Model 2

would
a1

Model 1 Outcome
Climate Parameters association
and individual influence on
Ecological Metrics

Figure 13. Model 3 possesses the outcome from Model 1 and
Model 2 results



Model 3 takes these validated relationships and builds an
integrated analysis to quantify influential parameters’
cumulative and individual effects on the ecosystem. This will
include an analysis of interactions and influences on
biodiversity, vegetation health, and changes in land cover over
time. For instance, the combined impacts of extreme
temperature events and reduced precipitation can be assessed
through integrated analysis to determine their effects on
vegetation productivity and habitat integrity. Spatial and
temporal assessments are also done to identify trends in
change both within and between control sites, providing a
clearer picture of the magnitude and severity of the ecological
impacts. Predictive modeling simulates future scenarios, such
as the increased frequency of extreme weather events, which
can accelerate the loss of vegetation or habitat fragmentation.

The outputs from Model 3 include detailed assessments of
changes in ecosystems, thematic maps that represent key
impacts, and actionable insights that can be used for
biodiversity conservation. These insights are not descriptive
but are quantitatively grounded, ensuring that the results will
inform targeted conservation strategies. Notably, the logical
framework of Model 3 provides that the study evolves from
understanding parameter associations (Model 1) to validating
and contextualising their impacts (Model 2), which can then

further be integrated into a system-level perspective (Model 3).

This progression through methodological rigour addresses
specific research questions and provides a transferable
framework for similar studies elsewhere.

Ultimately, Model 3 is not a product but the result of a
systematic and iterative research process established through
Model 1 and Model 2. Synthesising these findings, Model 3
delivers an actionable understanding of the ecological impacts
of climatic parameters, specifically at biodiversity hotspots
and ecosystem resilience. This ensures that the results are
scientifically robust, practically relevant, and logically aligned
with the broader objectives of ecological research.

The ultimate objective is to create a model that evaluates the
impact of identified parameters in both minimal influence
situations. By adopting this methodology, we unveil
unidentified parameters and gain a comprehensive
understanding of the intricate climate and vegetation dynamics
within the selected study areas. Remarkably, this approach
allows us to achieve these outcomes without additional
financial resources. Our proposed methodology focuses on
investigating the influence of climate change on biodiversity
hotspots and ecosystems.

8. CONCLUSIONS

This comprehensive review summarises terrestrial earth
observation methods, remote sensing, and the significance of
citizen science. The review highlights the wide range of Earth
observation tools and techniques employed in ecological
research. Integrating multiple data sources and different earth
observation methods is emphasised to enhance the accuracy
and efficiency of remote sensing applications. Furthermore,
the review focuses on the significant role of citizen science and
mobile technology in collecting environmental observations
and contributing to global environmental monitoring
initiatives. The study recognises the importance of engaging
the general public in data collection efforts, which can provide
valuable insights into ecological patterns and contribute to
broader conservation efforts.
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The review identifies several areas for future research and
improvement in integrating different earth observation
methods into ecological studies. These include refining and
expanding remote sensing technologies, harnessing the
potential of field study, and further integrating citizen science
approaches into environmental monitoring initiatives. Overall,
this review paper is a valuable resource for scientists,
researchers, and students in earth sciences. It provides a
comprehensive understanding of the current state of
knowledge and highlights the potential for advancements in
remote sensing applications for ecological research.

The study anticipates that the forthcoming results obtained
through this proposed methodology will revolutionise
scientific research by providing valuable insights even with
limited budgets or self-funded projects. The methodology
proposed can be tailored to explore specific environmental and
climate parameters, enabling researchers to uncover concealed
yet consequential factors that often receive inadequate
attention. The proposed method aims to enhance the quality of
limited-budget or self-funded research projects by leveraging
open-source tools and data. Researchers can achieve higher-
quality outcomes and make significant discoveries by
strategically utilising available resources. This approach
improves the overall quality of research and promotes
inclusivity by encouraging individuals from low-income and
advanced countries, where most citizen science projects have
been conducted with substantial support, to engage in earth
science research projects and explore uncharted territories. By
democratising access to tools and data, this methodology
paves the way for a more diverse and innovative scientific
community, fostering ground-breaking advancements in earth
science.
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